Abstract The aim of this study was to produce ready to drink (RTD) iced teas from sage and linden. For this purpose, phenolics of sage and linden were extracted by pressurized hot water extraction (PHWE) and then the extracts obtained were spray dried by the addition of maltodextrin. The powders produced by spray drying were processed into RTD sage and linden iced teas by adding sucrose and citric acid. The optimum conditions of PHWE of sage and linden were at 160°C and for 10 min and 5 min, respectively. The solubility and microencapsulation efficiency of spray dried powders were found to be greater than 97%. In addition, total phenolic content and antioxidant activity of RTD iced teas are parallel with those of microencapsulated sage and linden powders after pasteurization at 80°C for 5 min. The sensory analysis of RTD iced teas showed that products were well-accepted by the panelists.
Introduction
Tea and tea-based products are popular beverages, consumed by people worldwide (Hakim et al., 2000) . Tea is prepared from the leaves of Camellia sinensis and herbal substances such as leaves, flowers, seed, barks, and fruits of medicinal and aromatic plants (Malongane et al., 2017) . Apart from C. sinensis, teas prepared from herbs such as thyme, peppermint, melissa, sage, and linden have been popular because of their fragrances and health benefits (Chan et al., 2010) . Numerous studies have been published regarding antioxidant, anti-inflammatory, antimicrobial, anti-cancer and anti-aging activities of herbal teas (Atoui et al., 2005; Oh et al., 2013; Zhao et al., 2013) .
Salvia officinalis L. (Sage) and Tilia cordata (Linden) have been used in folk medicine due to their medicinal properties since the ancient times. Previous studies indicated that water extracts and herbal teas of both plants possess potent antioxidant activity, thereby provide protection against oxidation-related disease (Atoui et al., 2005; Yıldırım et al., 2000) .
Extraction is the key step in the acquisition of bioactive compounds such as phenolics from plant tissues. Since the polarity of phenolics range from polar to non-polar, the percent recovery and antioxidant activities of extracts depend on the type of solvent used in any extraction. However, organic solvents are regarded as environmentally non-friendly. Besides, when water's polarity is manipulated by changing temperature and pressure by pressurized hot water extraction (PHWE), it can be used as an alternative to the organic solvents (Liu et al., 2013) . Hence, PHWE have become a popular green extraction technique for the recovery of bioactive compounds from plants in recent years (Herrero et al., 2005) .
While the industry has developed several tea-based beverages such as ready to drink (RTD) iced teas and flavored teas which are produced from C. sinensis, a limited number of beverages have been produced from herbal substances. Recently, there have been an increasing demand for the tea consumption in the form of RTD iced tea in the worldwide (Loizzo et al., 2012) . Moreover, RTD iced tea is more popular than brewed tea, especially the spring and summer due to its refreshing nature (Del Rio et al., 2010) . RTD iced tea is commonly prepared with cooling of brewed tea or instant tea powder (Kumar et al., 2013) . Similarly, microencapsulated herbal tea powder produced by spray drying may be used for production of RTD herbal iced teas by reconstituting with cold water.
Thus, the objectives of this study were (i) to assess PHWE of sage leaves and linden flowers, (ii) to produce microencapsulated sage and linden powder by spray drying and (iii) to evaluate physicochemical properties, antioxidant activities and sensory properties of RTD herbal iced teas produced from microencapsulated powders.
Materials and methods

Herbs and chemicals
Dried sage leaves and linden flowers were purchased from a spice seller (Arifoglu, Kayseri, Turkey). HPLC grade water was obtained from Millipore Simplicity 185 water purification system (Millipore, Darmstadt, Germany). All reagents and solvents were of analytical grade. Folin-Ciocalteu's phenol reagent, sodium carbonate, citric acid, and methanol were purchased from Merck (Germany). DPPH (2, 2-diphenyl-1-picrylhydrazyl), ABTS ? [2,2-azinobis-(3-ethyl-benzothiazoline-6-sulphonic acid)], Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid), gallic acid, and maltodextrin were purchased from Sigma Aldrich Co. (St. Louis, MI, USA). Sucrose was obtained from a local market (Begendik, Kayseri, Turkey).
Pressurized hot water extraction (PHWE)
PHWE was performed by an Accelerated Solvent Extraction device (ASE Ò 350, Dionex, Sunnyvale, CA, USA). A disposable filter paper (30 mm, cellulose, Dionex) was inserted at the bottom of 100 mL stainless steel extraction cell to prevent the collection of suspended particles in the extracts. A 10 g of herbs (sage or linden) were filled into the extraction cell. After that water was pumped into the cell, pressure was elevated and kept at 10.34 MPa (fixed manufacturing setting) with the help of N 2 gas. Single factor experiments were used to determine the optimum conditions for extracting phenolics from sage and linden.
Five levels of extraction temperatures (40, 80, 120,160, and 200°C) and four levels of extraction times (1, 5,10, and 30 min) were studied to determine the effect of extraction temperature and static time on recovery of phenolics. Before experiments, an extraction cell heat-up time was performed for a given time. The duration of the initial heatup step depends on the temperature set point for the method (approximately 5 min at 40 and 80°C, 6 min at 120°C, 8 min at 160°C, 9 min at 200°C). Experiments were conducted by changing the level of a factor while keeping all other factors as fixed. Finally, the resulting extracts were collected in the bottles by purging the cell with N 2 . The extracts were stored at -18°C until analysis.
Feed preparation and spray drying
Spray drying of the extracts was performed according to Ç am et al. (2018) . After PHWE of the herbs, the total soluble solids (3-3.6°Brix) of the extracts were adjusted to 8°Brix by concentrating with a rotary evaporator (Hei-Vap Value G1, Heidolph, Schwabach, Germany). Maltodextrin was added to resulting extracts at core/coating material ratio of 1/1 (w/w) with constant mixing by a homogenizer (T-18 Ultra Turrax, IKA, Staufen, Germany). The feed solutions (200 mL) were then spray dried using a Mini Spray Dryer (Buchi-B290, Flawil, Switzerland). The spray dryer was operated at 160°C inlet temperature, air flow rate (600 L/h), the feed flow rate (8 mL/min). The obtained microencapsulated sage and linden powders were stored at -18°C until analysis.
Production of RTD herbal iced teas from microencapsulated powders RTD sage and linden iced teas were produced from microencapsulated sage and linden powders. The ingredients of RTD herbal iced teas were determined according to commercial iced teas in Turkish market. The formulations of RTD iced teas contained 0.5% (w/v) microencapsulated powder, 7% (w/v) sucrose and 0.15% (w/v) citric acid. After mixing dry ingredients (microencapsulated powder, sucrose, citric acid), water was added onto dry ingredients with constant mixing. The volume was adjusted to 250 mL, and then the prepared formulations were pasteurized at 80°C for 5 min in a water bath (Julabo, Seelbach, Germany).
Analyses of the extracts, tea powders and RTD herbal iced teas
Color properties, dry matter content, pH and water activity
The color of microencapsulated powders and RTD herbal iced teas as L* (lightness), a* (red to green), and b* (yellow to blue) were measured by using a chromameter (Minolta CR103, Japan). The pH values of RTD herbal iced teas were determined by a pH meter (Hanna, Italy). The dry matter content of the microencapsulated powders was measured by hot air oven at 105°C for 16 h. The water activity (A w ) values of the microencapsulated powders were determined using an automatic water activity device (Aqua-Lab Series 3, Decagon Devices Inc., Pullman, WA, USA) at 25°C.
Total phenolics content (TPC) and surface phenolic content (SPC)
Total and surface phenolics of the microcapsules were extracted according to the procedure of Ç am et al. (2014) with some modifications. For extraction of total phenolics from the microcapsules, 1 g of the microcapsules were dispersed in 10 mL of distilled water. The dispersion was agitated in a vortex for 5 min and then filtered through a micro filter. Similarly, in case of phenolics in the surface, 1 g of microcapsules were treated with 10 mL of ethanol. The mixture was mixed by vortex at room temperature for 5 min and then filtered. The extracts obtained by PHWE and RTD herbal iced teas were only filtered through a micro filter (0.45 lm).
TPC of the extracts, microcapsules and RTD herbal iced teas as well as SPC of the microcapsules were determined using the Folin-Ciocalteu assay (Singleton et al., 1999) . Results were expressed in mg of gallic acid equivalents (GAE) per g or 100 mL sample.
Microencapsulation yield (MY)
MY of microencapsulated powders was calculated from the following formula (Ç am et al., 2014) :
Microencapsulation efficiency (MEE)
MEE of microencapsulated powders was calculated as described by Ç am et al. (2014) according to the following formula:
Antioxidant activity
The free radical-scavenging activity of microencapsulated powders and RTD herbal iced teas was determined according to the method of Re et al. (1999) , using ABTS radical. The results were reported as mg of Trolox equivalents antioxidant capacity (TEAC) per g or 100 mL of sample.
The antioxidant activity was also determined using DPPH as a free radical, according to Brand-Williams et al. (1995) . The results were determined as the half maximal effective concentration (EC 50 ). EC 50 was expressed as g or mL of sample to scavenge a gram of DPPH.
Sensory analysis
A test panel was conducted on RTD herbal iced teas. Fifteen volunteer panelists (9 men and 6 women, aged 18-45 years) were selected from both undergraduate and graduate students of Department of Food Engineering of Erciyes University. The panelists were asked to assess the appearance, odor, aroma, taste, and overall acceptability of iced teas; using a 9-point hedonic scale (1 = unacceptable, 9 = acceptable) (Amofa-Diatuo et al., 2017).
Statistical analysis
The data analysis was carried out using SPSS 22 statistical package for Windows (SPSS Inc., Chicago, IL, USA) Analysis of variance (ANOVA) was performed to determine significant differences (p \ 0.05) among the samples. Differences between means were detected using Tukey's test.
Results and discussion
PHWE of sage and linden
The effects of temperature on the PHWE of sage and linden were investigated between 40 and 200°C by applying fixed static time as 10 min. The results demonstrated that different extraction temperatures significantly (p \ 0.05) affected the extraction of phenolics from sage and linden (Fig. 1A) . TPC of sage extracts significantly increased (p \ 0.05) as the temperature was changed from 40 to 200°C with 40°C increments. Every increments in temperature with 40°C intervals resulted in significant increase compared to former temperature point. The exception was between 80 and 120°C where TPC remained unchanged. Overall, almost 2.5-fold higher results were obtained in TPC for 200°C (as 75.60 mg/ GAE) than for 40°C (as 30.30 mg/GAE). Similar results for PHWE of sage by-products was reported by Pavlić et al. (2016) , who found TPC as 41.37-78.25 mg GAE/g by applying different temperatures (120-220°C) and static times (10-30 min). Similarly, TPC of extracts of linden flower also showed an increasing trend with increasing temperature. Parallel results, indicating the effects of temperature on TPC, were reported by Vergara-Salinas et al. (2012), Herrero et al. (2005) and Kanmaz and Saral (2017) , who extracted polyphenols from deodorized thyme, antioxidants from Spirulina platensis, phenolics from mandarin peel, respectively. Conversely, negative effect of increasing temperature on TPC was also reported by Monrad et al. (2009) who studied on procyanidins form red grape pomace. The TPC obtained by PHWE of linden flower was higher than the result of Akyuz et al. (2014) who reported as 17.37 mg GAE/g in methanolic extract. In addition, it should be noted that when extraction temperature of 200°C was applied, TPC of sage and linden extracts increased but thermal degradation was observed in terms of color properties. Since this observation could affect color properties of the resulting products, an extraction temperature of 160°C was selected as the optimum temperature for extracting phenolics from sage and linden. RTD iced teas which reflecting the original color of infusions obtained from plant materials are preferable by the consumers. In most cases, the desired color is certain tones of yellow. Group of phenolics, specifically flavonoids, are responsible from the yellow color of plant infusions.
Applying the optimum temperature (160°C), different static times significantly (p \ 0.05) affected the extraction of phenolics from sage and linden. The results showed that TPC of sage extracts increased with the increase in static times up to 10 min whereas TPC of linden extracts remained unchanged between 5 and 10 min (Fig. 1B) . However, applying static time of 30 min resulted in significant (p \ 0.05) loss in TPC of the both extracts. This might be due to the degradation of phenolics because of elongated extraction time. These results are consistent with Lee et al. (2018) , who reported decrease in TPCs of red ginseng extracts when applied temperature of 150-200°C and extraction times of 25-30 min. According to results of our study, static times of 10 and 5 min were selected as the best static times for PHWE of sage and linden, respectively. Previously, optimum parameters for maximized TPC, total flavonoid and antioxidant activity were reported at 201.5°C for 15.8 min in PHWE of sage by-products (Pavlić et al., 2016) , however, the authors gave no information about the color properties of their extracts. Additionally, Ollanketo et al. (2002) evaluated the antioxidant activity of sage by PHWE and noted the highest recovery of analyte at 150°C; however, highest antioxidant activity was observed at 100°C for 60 min extraction. In another work, Hossain et al. (2010) reported that optimum extraction conditions of sage by pressurized liquid extraction were 129°C, 5 min, and 58% aqueous methanol for temperature, static time and extraction solvent composition, respectively. No comparable results were found regarding the PHWE conditions of linden in literature.
Physicochemical properties and antioxidant activities of microencapsulated powders
Sage and linden extracts obtained by PHWE in optimum conditions were spray dried using maltodextrin as a coating material. Table 1 shows physicochemical properties of microencapsulated powders. MY is used for evaluating the economic and performance aspect of microencapsulation process and must be more than 50% for a successful process (Bhandari et al., 1997) . The MY values for microencapsulated sage and linden were 61.24 and 63.48%, respectively. MEE of maltodextrin for phenolics of sage and linden was approximately 97%, indicating that it is a suitable coating material for microencapsulation of phenolics of sage and linden. Dry matter and water activity values of microencapsulated powders are consistent with the findings of several studies (Quek et al., 2007; Ş ahinNadeem et al., 2013) . Higher dry matter and lower water activity values ensure microbial, physical and chemical stability of microencapsulated powders (Quek et al., 2007) . Solubility of microencapsulated powders is the main parameter that determines their utility as ingredients in beverage formulation and is closely linked to the properties of coating material used in microencapsulation. Maltodextrin as a coating material is commonly used in production of water-soluble teas (Ç am et al., 2018; Ş ahinNadeem et al., 2013) due to its higher water solubility compared to other coating materials. In this study, solubility of microencapsulated powders was found to be greater than 97%.
The levels of TPC present in microencapsulated sage and linden were 81.16 and 61.95 mg GAE/g, respectively ( Table 2) . The values obtained for the TPC of microencapsulated sage and linden powder were higher than those of PHWE of sage and linden. Some researchers have reported a decrease in TPC of extracts during spray drying due to high temperature (Georgetti et al., 2008; Sablania et al., 2018) . In this study, an increase in TPC of the extracts is due to the concentration process applied before the spray drying despite possible loss of phenolics during spray drying. The obtained EC 50 and TEAC values for microencapsulated sage and linden powders are shown in Table 2 . Antioxidant activities of both microencapsulated powders were quite similar. The EC 50 was 1.33 and 1.38 g/ g DPPH, respectively, for microencapsulated sage and linden powders. In addition, the TEAC values of microencapsulated sage and linden powders were 207.38 and 209.35 mg TEAC/g, respectively.
Properties of RTD herbal iced teas
To produce RTD iced teas from sage and linden, their microencapsulated powders produced by spray drying were reconstituted with cold water by adding citric acid and sucrose. The TPCs, antioxidant activities and physicochemical properties of RTD iced teas are shown in Table 3 . The results showed that TPC and antioxidant activity of RTD iced teas were parallel to those of 0.5 g of microencapsulated powders used to produce 100 mL RTD iced tea. Furthermore, there was no the effect of pasteurization process on TPC and antioxidant activity of RTD iced teas. These observations were consistent with a previous work (Joubert et al., 2009) in which the effect of pasteurization and sterilization was studied on the phenolics of fermented rooibos iced teas. Similar results were also observed by Santos et al. (2018) , who reported no significant difference in the TPC and antioxidant activity of a beverage made from a mixture of rooibos, mate and white tea after pasteurization. In this study, TPCs of RTD iced teas were higher than those of commercial RTD iced teas in Mexico (Flores-Martínez et al., 2018) and Brazil (Kodama et al., 2010) .
The lightness of RTD iced teas was found lower than that of microencapsulated powders. The probable reason for lower degree of lightness of RTD iced teas might be due to the presence of cold-water insoluble compounds in sage and linden extracts obtained at high temperature. Another explanation may be non-enzymatic browning reaction materializes as undesired during spray drying (Ş ahin-Nadeem et al., 2013) . In addition, pH values of 
Sensory properties of RTD herbal iced teas
The RTD iced teas were evaluated for their sensory properties as shown in Fig. 2 . RTD iced teas made from microencapsulated powders were accepted, with scores for appearance, odor, aroma, taste, and overall acceptability ranging from 6.6 to 8.07 on hedonic scale. The appearance, aroma, and taste for the two RTD iced teas were quite similar. Regarding overall acceptability and odor of RTD iced teas, it was determined that panelists preferred RTD sage iced tea. Despite the reduction in lightness during production of RTD iced teas from microencapsulated tea powders, the appearances of RTD iced teas were found desirable by panelist.
In conclusion, this is the first study conducted on production of RTD sage and linden iced teas. In addition, there is no previous study regarding PHWE and microencapsulation of linden. TPC of sage and linden extracts increased with increasing temperature, extending static time after 10 min decreased TPC of the extracts. Microencapsulated powders obtained by using maltodextrin as a coating material had high MEE for phenolics. Pasteurization process was no affect TPC and antioxidant activity of RTD iced teas produced from microencapsulated powders. Future studies are necessary to evaluate the changes in the physicochemical properties and antioxidant activities of RTD iced teas produced after microcapsule powders are stored. 
